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SUMMARY

Compressivestress-straintestresultsfor17-7PH andAM 350
stainless-steelsheetintheheat-treatedand~ealed conditionsarepre-
sentedfortemperaturesfromroomtemperatureto 1,200°F. The17-7PH
specimenswereheat-treatedto ConditionTH 1,050andtheAM 330speci-
menswereheat-treatedtothedouble-agedcondition.Testswerecon-
ductedinboththewith-grainandcross-graindirections. All specimens
wereexposedto testtemperaturesfor1/2hourbeforelosdingandwere
testedat a strainrateof approximately0.002perminute.

* Representativestress-straincurvesaregivenforbothmaterial.sat
thetesttemperatures.Fromthesecurvessignificantdesigndatawhich

w wereobtained,suchas compressiveyieldstress,Young’smodulus,and
secantandtangentmodu13,srepresentedingraphicalandtabulsrform.

An empiricalequationthatdescribesthestress-straincurvesispre-
sentedmd thevariationoftheparametersin thisequationwithtanper-
atureisgivenforthetemperaturerangeinvestigated.

INTRoDucTmN

Recentlydevelopedprecipitation-hardeningstainlesssteel+msybe
usefulin aircraftstructureswhichoperateatelevatedtemperatures.Two
suchstainlesssteelsare17-7PHsndAM 350. Thesealloyscanbe fabri-
catedcompmativelyeasilyintheannealedconditionandthencanbe heat-
treatedto obtainsubstantiallyhigherstrengths.Becauseofthischarac-
teristicandthedesirablehigh-temperaturepropertiesofthesestainless
steels,AM 350~d 17-7pHareusefulinstructuralapplicationswhere
previouslydevelopedstainlesssteelsweregenerallynotconsidered..

Sometensiletestresultsforthesealloysareavailable(refs.1
to4),butverylittlecompressivestress-straindataonthesestainless
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steelsareavailableasyet.-Forthisreasonaninvestigationwasmsde 4
todeterminethesignificantmechanicalpropertiesofthesetwomateriaM
in compressioninthetemperaturerengefranroomtemperatureto 1,200°F.
Compressivestress-straintestsweremadeonbothheat-treatedandannealed -
specimensinthewith-grainendcross-graindirections.Theresultsof
thesetestsarepresentedhereinandcomparisonsaremadebetweensomeof
thepropertiesofthetwostainlesssteels.

TESTSPECIMENS,EKJU~, ANDPROCEDURE

Testspecimensweremachinedfromannealedsheetssuppliedby the
manufacturers.The17-7PHstsinless-steelspectienswereobtainedfrom
threeO.0~0-inch-thicksheets.TheAM 350stainless-steelspecimenswere
obtainedfromtwosheetswiththicknessesof0.04~-and0.063inch. Speci-
men$werecutfromseveralrandomlocationsoneachsheet.

Allcompressivestress-strsinspecimenswere1.00inchwideand
2.52incheslong. The majori~of thespecimenswereheat-treatedin
accordancewiththemanufacturers’instructionstoConditionTH 1,0~ for
17-7PH andtothedouble-agedconditionforAM 35). Theremainingspeci-
menswerenotheat-treated.‘I!hedetailsoftheheattreatments,thenomi-
nalchemicalcagpositions,andtheotherdataforthesesheetsarepre-
sentedintableI. *

Rockwellsuperficialhardnesstestswereperformedatseveralpoints
on a fewsemplespecimensatroomtemperatureto appraisetheuniformity 9

oftheheattreatment.Thehardnessresultsobtainedon theRockwell15N
scalewereapproximately82.0* 1 forthe17-7PH end80.~* 1 forthe
AM 350. (ThesevaluescorrespondtoRockwellC wnbersof43* 2 forthe
17-7PHend40k 2 fortheAM350.)

Theequipmentusedforthecompressive.stress-straintestsis shown
infigure1. Bucklingofthespecimenswaspreventedby theuseofa
grooved-platecompressionfixturesuitableforhigh-temperaturetesting.
Useof a fixtureofthistypeatroomtemperaturesisdescribedinrefer-
ence5. Strainsweremeasuredovera l-inchgagelengthonthespecimen
bymesnsoftwoextensometerframeswithclampedlmife(edges.Thestrains
weretransferredby twoverticalrodsoneachsideofthefixtureto a
differentialtransformer-gagesystem.‘Thetestswereperformedina
120,000-pound-capagityuniversal~draulictestingmachine.

Thespecimenwas-insertedintothefixturewhichhadbeenpreheated
to thetesttemperature.Uniformspeciment~peratureswereachievedby
useof independentlycontrolledheatingelementsinboththeupperand
lowerloadingrem andinthefurnace.Temperaturesatthetop,middle,
andbottcmofthespecimenweremeasuredwiththeuseof chromel-alumel

.
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x
thermocouplesanda temperaturerecorder.Duringthetest,thespecimen
temperaturewaskeptwithin*5° I’ of’ thetesttemperature,andthetmper-

. ature variationalongthespecimenwaswithin5° F. Eachspecimenwas
exposedto thetesttemperaturefor1/2hourbeforelosiiing.Duringthe
testthestrainratewasmaintainedascloselyaspossibleto 0.002per
minute.Stress-strainandtime-strainrecordswereobtainedautographi-
callyon a drum-typemdifiedBrownpotentimnder

RK!ULTSANDDISCUSSION

TestResults

Thetest resultsfor17-7PH andAM 3~ stainlesssteelsarelisted
intablesIIto IV.

Compressivestress-straincurvesfor17-7PH (ConditionTH l,OX)
sndAM 350(double-agedcondition)stainlesssteelssrepresentedin
figures2 and3 forthetemperaturerangefrcxnroomtemperatureto
l,2C0°F. Eachcurveisrepresentativeof at leastthreetestsat each
tanperaturewiththematerialloadedin therollingdirectionof the
sheet.Resultsobtainedfromtestswiththematerialloadedperpendicu-
larlytotherollingdirectionwerenotsignificantlydifferentfromthe
resultsshowninfigures2 and3. ForAM 350no appreciabledifference
in ccnnpressivestress-strainresultswasobtaindforthetwodifferent
sheetthiclmessestested.

A fewspecimensofboth17-7PH sndAM 350weretestedinthe
annealedconditioninbothgraindirections.Theresultsofthesetests
srepresentedintable”IV.

Thevariationofthe0.2-percent-offsetyieldstresswithtempera-
tureforbothalloysin theheat-treatedandannealedconditionsis shown
infigure4. Theheat-treated17-7PH losesstrengthrapidlyabove
approximately700°F. Theheat-treatedAM 350losesstrengthrapidly
aboveapproxhnately800°F. Thecompressiveyieldstrengthoftheheat-
treated17-7PH isgreaterthsnthatoftheheat-treatedAM 350up to
approximately825°F forl/2-hourexposureto temperature.Above825°F
theheat-treatedAM 350hasgreatercompressiveyieldstrengththenthe
17-7PH. The0.2-percent-offsetyieldstressesforthetwostainless
steelsinthesnnealedconditionindicatedonlya slightdecreasein
strengthfromroomtanperatureto 1,200°F. At 1,200°F theyield
strengthoftheannealedmaterialexceededs~ghtlythatof theheat-
treatedsheetforboth17-7PH andAM350.

ThevariationofYoung’smodulusobtainedinthetestsisplotted
againsttemperatureinfigure5. TheaversgevaluesofYoung’smcdulus
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forbothstainlesssteelsareapproximatelyequalfora giventapera-
W

turefromroantanperatureto l,l~”F. Specificmdulusvaluesarenot
indicatedin figure5;thecurvesrepresentanaverageof thevalues
listedintablesIIto IV.

w

Secantsndtangenttnoduliareplottedagainststressinfigxres6
to 9 forthetwostainlesssteelsintheheat-treatedconditions.These
curveswereobtainedfromthestress-straincurvesinfigures2 end3.
Secsmt-sndtsmgent-moduluscurvesaresensitiveto strainrateathigh
temperatures;differentresultswouldbe expectedifthestrainratewere
significantlydifferentfromthatusedinthisinvestigation.

RnpiricalApproxtiationofStress-StrtiCurves

k mpiricalapprotiationofstress-straincurves(ref.6)was
investigatedtodeterminewhetherthestress-straincurvesforthe
stainlesssteels17-7FE (ConditionTH 1,0>0)andAM 350(double-aged
condition)couldbe approximatedatanygiventemperatureby thefol-
lowingrelationship:

where

(1)
●

b

e totalstrain

G stress,psi

E Young’smodulus,psi

~cy 0.2-percent-offsetcanpressiveyieldstress,psi

n stress-strai”ncurveshapeparameter

Valuesof n wereobtainedfromtheslopeof a logarithmicplot
ofplasticstraine - ~ againstthestressparemeter~. Curvesaq
showingthevariationoftheparsmetern withtemperaturem?epre-
sentedinfigure10. —

lllnpiricalstress-straincurveswerecalculatedby substituting
appropriatevaluesfor n (fig.10), E (fig.5),and Ucy (fig.4) .
intoequation(l). Infigure11,thesymbolsrepresentvaluescalcu-
latedby thismethod;whereas,thesoMd linesrepresenttheexperimental ,
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%
stress-straincurvespresentedinfigures2 snd3. Thecorrelation
isgoodforAM 350fortheccmpleterangeofstressesshown.For

* 17-7PH,correlationbetweentheapiricaland~erimentaldatais
goodup”tatheyieldstress.

CONCLUDING

Theresultsof compressivestress-straintestsof 17-7PH snd
AM 350stainlesssteel.s”inboththe.heat-treatedandannealedconditions
havebeenpresentd.Theseresultsindicatethateitheralloyhas
essentiallythessmemechanicalpropertiesinthewith-grainor cross-
graindirection.The0.2-percent-offsetcompressiveyieldstressfor
17-7PH (ConditionTH 1,050)isgreaterthanthatofAM350 (doubleaged) .
up to8250F forl/2-hour~osure totemperature.From8250F to
1,200°F thecompressiveyieldstressofAM 350isgreater.Theaverage
valuesofYoung’smodulusforboth17-7PH andAM 350stainlesssteels
are~proximatelyequalforthetanperaturerangeinvestigated.

Correlationisgoodbetweentheexperimentalstress-straincurves
endtheempiricalrelation.

4 LangleyAeronauticalLaboratory,
NationalAdvisovCcmmdtteeforAeronautics,

* LangleyField,Va.,Msy28,1957.
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TABLEI.- DFSCRPTIONOF

(a)

Mmlinal
{aterfaleheetthiclmeas

in.

--1--L7-7PH O.op

o.&5
m 350 end

0.063

I

SHEZTMATERIKCSANDN3MIMALC-ICAL COMPOSITIONS

Deecriptlonofsheetmaterials

Coalition
aa Heattreatment

received

Heatedat1,400°* 27 F for
ILhr;edrcooldto60°F.

AmwiLea cwitbln1hrafterr-ovalfrcxn
furnace;heatedat1,0~0k 10°1

~ated at1j3500* 25°F for
11hr;aircooled;heated

AnnealedFat$~” & 25°F for1+hr;

aircoded

(b) Ibninalohdcal caupo.dtion

ee&gnationSourceof
heat of

treatmentmaterial.

Cordlthl ArmcoSteel
THL,op Corp.

Double ld.leghe~
LtilumSteelagd Corp.

Material.
Elau.ent,percentage

byweight
17-7PH AM350

carbon. ...’.. O.cgmaximum0.08b 0.12

W.nganeee. . . . 1.00maximumO.~ to1.2.5

Phosphorus. . . . O.okmaximum0.04maximum

sulfur.. . . . . 0.03maximum0.03mexhnum

Silicon. . . . . 1.00mexlmumo.~mexmum

Chraniunl.... ti.ooto1.8.mL6.m-La17.cq

NLckel . . . . . 6.50to7.754.ccl-&5.W

Aluminum. . . . . 0.75tol.y

MoI@ienwn . . . . 2.73to3.55

Iron. . . . . . . Remeider R~er
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TAB~II.-COMPE=SIVEPROPERTDHOF

17-7PHsTKIX@ss-sm!ELSmm?l?yWNDITIONm 1,050

[.om,nalsheetthickness,0.050inch;nominalBtrai.rate,0.002perminute;
~ -hourexposureat elevat~temperatures]

Mqmv#re, Graindirection YieldBtresa,
Ic6i

I With I 190.0
Room With 183.0

With 178.6

I ! Cross fi3.8
I

With 176.2
200 With 176.9

with 179:8
Cross 177.5

With 171.6
400 with 169.6

With 171.1
Cross 170.0

With 17’2.5
600 With 157.0

with 158.6

with 150.5
700 With Ik9.2

With 153,2
croBt3 144.o

With 1.39.3
800 With I-34.7

with IJ28.5
Cross 150.8

With 101.1
900 With 99.0

With 9 .5
“Cross i9 .5

with 68.6
1,000 With- 61.9

With 66.0

With g.:

1,100 With
With 37:3
CrosO 42.0

With 19.2
1,203 With 2Q.8

With 19.2
Cross 20.7

Young’smodulus,
Dai

30.6x 106
29.8
30.4
28.3

30.9x 106
31.1
31.3
29.4

27.1x 106
27.5
28.0
30.3

28.2x 106
26.4
26.4
27.1x 106
26:7
2’7.0
25.4

23.8X 106
24.6
25.0
24.6

24.0X 106
23.8
23.5
24.0

23.0%106
23.8
23.0

15.4x 106
15.7
15.8
U5.9

15.9x 106
13.2
18.3
1o.3

*

8

.

“
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TAMEIII.-Wi@RES81VEPE@KRTJ=OF

M 350STmTUSa-STEELsEEEr,MU2LEAGEo

[ 1$-hourexposureatelevatedtemperatures;strainrd.e,O.W perminute
.

I Tkmpy&ure, I I lT~Graindirection sheetthiclmess,

with o.ck5
With .d!5

Roan With .063
with .C%3
cross .cas3

I I with I 0.045

I m I with

I

.045
Wtth .063
with .063

Htth o.dL5
With

4Q3
d:

with
with .063
Cross .G63

with o.&~
With d;

m With
with .063
cross .@+5

600

With
With
with
with
cross

0.045
.&?
.063
.063
.0

Wtth O.*5
With

-m
.*5

With .063
with .063
&O13B .063

&
With m;
With

m) with .C63
With .063
CrOiea .*5

with 0.045
with .045

gm With .063
with .063
&OSB .063

with 0.C45
with .045

l,cm with .063
With .063
&G3B .ck5

With 0.045
with .045

1,100 with .063
with .C63
Cross .63

with 0.045
with .045

1,m with .063
with .063
cross .045

Yield.stre6s,
kBi

z::
S33.1
U51.o
L65.9

u5.k
150.9
149.9
m.9

M-6.6
lki.2
U.O.8
L39.6
143.6

lho.o
lk2.o
1.38.4
.LY3.3
lk7.5

ll+o.g
148.4
137.5
u8.6
lko.g

139.6
U1.k
128.1

I.U..5
W.8

S4.k
93.1

$:

61.2
57.3
2::
61.9

35.3
36.4
33.7
34.9
35.9

30.1x 106
E9.k
32
29.2

30.5x K+
50.8
28.3
28.9

28.5x d
29.8
29.2
29.8
29.8

26.6X d
30.6
-33.0

%:

26.8X 106
27.4
26.5
26.6
28.1

28.0x 106

2::
S.O
26.7

A.4x d
&.9
25.0
24.6

22.3x 11+
21.7
23.L
21.5
22.5

$; x ld

13.1X u+
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TAmIv.- COMPPJKSIVEPROPERTIESOF 17-7PHANDAM350
MWEWLEDSTAINTJIES-STEELSKEET

r
~-hourexposureat elevatedtemperatures;nominalstrainrate,0.002perminute1

Rxninal Cm=ssive Young’smodulus:wrat~e~Grdn directionsheetthickness,yieldstress,% in., k.si psi

17-7PH

Roan
{
with 0.0s 35.0 2.:X106
Cross .050 37.8 .

4m With .o% 25.3 33.2

700 With .o% 26.2 24.5

1,000
{
With .0% 27.8 24.3
Cross .Oy) 26.7 19.1

l,ZQO With .Op 23.6 21.5

AM350

Room
{
With 0.063 68.0 28.ox106
Oross .C63 72.1 p.o

400 Cross .045 58.5 29.5

7CX) cross .045 56.6 26.6

1,000 {
With .045 S.O 20.1
Cross .c45 56.8 21.4

1,200 Cross .063 42.4 22.9

.
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Figure1.-Compressivestress-strain test equipment. L-85437.2
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Figure 2.- Compressivestress-straincurves for 17-7PH stainless-steel sheet, Condition TH 1,0~.
Strain rate, 0.002 per mhwte; l/2-hour exposure to temperature.
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Figure 3.- Compressivestress-straincurves for AM 350 stainless-steelsheet, double aged. Strain ..
rate, 0.002 per minute; l/2-hour exposure to temperature_. G
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~gure 6.- Variation of secant modulus with stress for 17-7 PH stainless-steelsheet,
ConditionTTil,050. Strain rate, 0.002 per minute; l/2-hour exposure to temperature.
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Strain rate, 0.002 per minute; l/2-hour exposure to temperature.
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RLgure8.-Variation of secant mdul.ua with stress for AM 350 stainless-steelsheet, double aged.
Strain rate, 0.002 per minute; l/2-Mur exposure ta temperature.
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Figure 9.- Variation of tangent modulus with stress for AM 350 staimless-siteelsheet, double aged.
Strain rate, 0.002 per mimte; l/2-hour exposureta temperature.
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Figure 1.1. - Comparisonof experimental.compressivestress-strati curves with empiricalapproxi-
mationsfor17-7PHandAM 350stainless-steelsheetintheheat-treatedconditions.Tick
marksindicate0.2-percent-off’setconrfressiveyieldstrefif3ea.


